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VECTOR-MEDIATED GENOMIC INSERTION AND 
EXPRESSION OF DNA IN BCG 



Description ' 



Background 

Mycobacteria represent major pathogens of man and 
05 animals. For example, tuberculosis is generally caused 
in humans by Mycobacterium (M.) tuberculosis and in 
cattle by Mycobacterium (M.) bovis (which can be 
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transmitted to humans and other animals, in whom it 
causes tuberculosis) . Tuberculosis remains widespread 
and is an important public health problem, particularly 
in developing countries. It is estimated that there are 

05 approximately 10 million cases of tuberculosis world- 
vide, with an annual mortality of 3 million. Joint 
International Union Against Tuberculosis and World Health 
Organization Study Group; Tub e rcle . 63:157-169 (1982). 

Leprosy, which is caused by M. l e pra e, afflicts over 

10 io million people, primarily in developing countries. 

Bloom, B. R. and T. Godal," Review of Infectious Diseases , 
5: 657-679 (1984). M; t uberculosis and mycobacteria of 
the avium- intracellular - scrofulaceum (MAIS) group 
represent major opportunistic pathogens of patients with 

15 acquired immunodeficiency disease (AIDS). Centers for 
Disease Control, M orbidity and Mortality Weekly Report , 
34:774 (1986). M. pseudotuberculosis Is a major pathogen 
of cattle. 

On the other hand, Bacille C alme tte - Guer in (BCG) , an 
20 avirulent strain of M. bo v is, is the most widely used 
human vaccine in the world and has been used as a live 
vaccine for more than 50 years. In the past 35 years, it 
has been administered to over 2.5 billion people, with 
remarkably few adverse effects (e. g. , estimated 
25 mortality of 60/blllion) . BCG has been found in numerous 
studies to have protective efficacy against tuberculosis. 
However, it was found not to be effective in preventing 
pulmonary tuberculosis in some trials, for example in 
Southern India. Tuberculosis Prevention Trial, Madras, 
30 Indian Journal of Medical Research. 7_2 (suppl . ) : 1-74 
(1980) . 

Mycobacteria have been proposed for use as live 
vaccine vehicles. Genes encoding antigens from a variety 
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of pathogens can be expressed in recombinant mycobacteria 
such that the adjuvant properties of the mycobacteria 
stimulate an immune response to the foreign antigens 
which, in turn, provide protective immunity against these 
05 pathogens, Mycobacteria offer several advantages as 
vaccine vehicles, including a long record of use in 
humans with a very low incidence of complications, 
stability in the field and single dose usage. The 
ability to manipulate the mycobacterial genome is 
10 essential to developing this candidate vaccine vehicle. 
The ideal molecular genetic system includes a 
transformation method, vectors that can be manipulated in 
vitro, selectable nutritional and drug markers and an 
ability to replace specific genomic DNA sequences with 
15 exogenous sequences. A means by which exogenous DNA 

encoding a protein of interest can be introduced into the 
mycobacterial genome in place of specific genomic DNA 
sequences to produce a recombinant mycobact er ium capable 
of expressing the encoded protein would be very useful. 

20 Summary of the Inv ention 

The present invention relates to marked target 
strains of mycobacteria; to genetically recom- 
binant (genetically engineered) cultivable mycobacteria 
which express DNA of interest integrated into the 

25 mycobacterial genome and expressed under the control of a 
regulated promoter region; to integration vectors useful 
for the introduction of DNA of interest and a regulated 
promoter region into the mycobacterial genome; to a 
vector- mediated method of integrating DNA of interest and 

30 a regulated promoter region stably into the mycobacterial 
genome, to produce genetically recombinant mycobacteria; 
and to expression or vaccine vehicles which are such 
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recombinant mycobacteria capable of expressing the 
integrated DNA. 

The integration vector of the present invention has 
made it possible to integrate DNA of interest into the 

05 genome of mycobacteria, such as Mycobacterium smegmatis 
(M . smegmatis) and My c obacterium bovis -BCC (BCG) . The 
integration vector includes an expression cassette, which 
is introduced into the mycobacterial genome by 
site-specific double homologous recombination. The 

10 expression cassette includes DNA of interest and a 

regulated promoter region; the tvo components are in such 
proximity to one another that expression of the DNA of 
interest in the recombinant mycobacterium is controlled 
by the regulated promoter region. The regulated promoter 

15 region is generally a mycobacterial promoter region, but 
can also be a regulated bacterial promoter, such as the 
E . coli lacZ promoter. For example, a heat shock protein 
promoter region or stress protein promoter region (e.g., 
hsp70, hsp60) can be inserted into a recombinant plasmid 

20 vector in close proximity to the DNA of interest, such 
that translation of the gene is controlled by the 
mycobacterial promoter region and ribosome binding sites. 
DNA of interest is from a source other than the 
mycobacterium into which it is being integrated and is 

25 all or a portion of a gene or genes encoding protein(s) 
or polypeptide(s) of interest. DNA of interest 
introduced in this manner is referred* to as integrated 
DNA or integrated DNA of interest. The proteins or 
polypeptides of interest can be, for example, proteins or 

30 polypeptides against which an immune response is desired 
(antigen(s) of interest), enzymes, lymphokines , immuno- 
potentiators , and reporter molecules of interest in a 
diagnostic context . 
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In the method of producing recombinant mycobacteria 
of the present invention, double homologous recombination 
occurs between plasmid-borne DNA sequences homologous to 
DNA sequences in the mycobacterial genome and the homolo- 

05 gous mycobacterial sequences. As a result of the recom- 
bination event, a recombinant mycobac terium is produced 
which is very similar to the corresponding unmodified 
mycobacterium. The recombinant mycobacteria includes the 
expression cassette (i.e., DNA of Interest and the 

10 regulated promoter region), which is not present in the 
unmodified mycobacterium. Unlike recombinant 
mycobacteria produced by other methods, those produced by 
the present vector •mediated method do not contain vector 
DNA sequences or other sequences not normally present in 

15 mycobacteria other than those of the DNA of interest. 

The resulting recombinant mycobacteria (e.g., 

recombinant BCG, recombinant Mj smegmatis ) are 

particularly useful as vehicles in which the DNA of 
interest can be expressed. Such vehicles can be used, 

20 for example, as regulatable vaccine vehicles which 

express a polypeptide or a protein of interest (or more 
than one polypeptide or protein), such as an antigen or 
antigens, for one or more pathogens of interest. 

The recombinant mycobacteria can also be used as a 

25 vehicle for expression of immunopo tentiator s , enzymes, 

pharmacologic agents and antitumor agents; for expression 
of a polypeptide or a protein useful in producing an 
anti-fertility vaccine vehicle; or for expression of 
stress proteins, which can be administered to evoke an 

30 immune response or to induce tolerance in an autoimmune 
disease (e.g., rheumatoid arthritis). Recombinant 
mycobacteria can, for example, express protein(s) or 
polypeptide(s) which are growth inhibitors or are 
cytocidal for tumor cells (e.g., interferon a, p or 7; 
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interleukins 1-7, tumor necrosis factor (TNF) a or fi) 
and, thus, provide the basis for a new strategy for 
treating certain human cancers (e.g., bladder cancer, 
melanomas). Pathogens of interest include any virus, 
05 microorganism, or other organism or substance. (e.g. , a 
toxin or toxoid) which causes disease. The present 
invention also relates to methods of vaccinating a host 
with the recombinant mycobac terium to elicit protective 
immunity in the host. The recombinant vaccine can be 
10 used to produce humoral antibody immunity, cellular 

immunity (including helper and cytotoxic immunity) and/or 
mucosal or secretory immunity. In addition, the present 
invention relates to use of the antigens expressed by the 
recombinant cultivable mycobacter ium> as vaccines or as 
15 diagnostic reagents. 

The vaccine of the subject invention has important 
advantages over presently- available vaccines. In 
particular, the recombinant mycobacteria described herein 
express DNA of interest as a protein product without 
20 extraneous or additional proteins. This idiffers from 

presently available vaccine vehicles in which a gene or 
genes of interest are expressed in a recombinant form 
(e.g., fusion protein). Further, mycobacteria have 
adjuvant properties among the best currently known and, 
25 thus, stimulate a recipient's immune system to respond to 
other antigens with great effectiveness. This is a 
particularly valuable aspect of the vaccine because it 
induces cell -mediated immunity and will, thus, be 
especially useful in providing immunity against pathogens 
30 in cases where cell-mediated immunity appears to be 
critical for resistance. Second, the mycobacterium 
stimulates long-term memory or immunity. As a result, a 
single (one-time) inoculation can be used to produce 
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long-cerm sensitization to protein antigens. Using the 
vaccine vehicle of the present invention, it is possible 
to prime long-lasting T cell memory, which stimulates 
secondary antibody responses neutralizing to the 

05 infectious agent or the toxin. This is useful, for 

example, against tetanus and diphtheria toxins, pertusis, 
malaria, influenza., herpes viruses and snake venoms. 

BCG in particular has important advantages as a 
vaccine vehicle in that: 1) it is the only childhood 

10 vaccine currently given at birth; 2) in the past 40 
years, it has had a very low incidence of adverse 
effects, when given as a vaccine against tuberculosis; 
and 3) it can be used repeatedly in an individual (e. g., 
in multiple forms). 

15 A further advantage of BCG in particular, as well as 

mycobacteria in general, is the large size of its genome 
(approximately 3 x 10 6 bp in length). Because the genome 
is large, it is able to accommodate a large amount of DNA 
from another source (i.e., DNA of interest) and, thus, 

20 can be used to make a multi -vaccine vehicle (i. e., one 

carrying DNA of interest encoding protective antigens for 
more than one pathogen). 

Brief Des cri ption of the Drawings 

Figure 1 is a schematic representation of the 
25 construction of a marked target mycobacterial strain. 

Figure 2 is a schematic representation of insertion 
of DNA of interest into a marked target BCG . 

Figure 3 is a schematic representation of vector 
pY6014, which contains the mycobacterial PyrF gene and 
30 flanking DNA sequences. 
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Figure 4 is a schematic representation of vector 
pY6015, which contains the aph gene (encodes kanamycin 
resistence) inserted at the PyrF site of pY6014. 

Figure 5 is a schematic representation of vector 
05 pY6016, which contains the mycobacterial PyrF gene and 

flanking DNA sequences of pY6014 with several restriction 
sites removed. 

Figure 6 is a schematic representation of vector 
pY6017, which contains the hsp70 gene inserted -70bp 
10 downstream of PyrF in pY6016. 

Figure 7 is a schematic representation of vector 
pY6018 r which contains the hsp70 promoter and the HIV1 
£££ gene inserted in the hsp70 coding site of pY6017. 
Figure 8 is a schematic representation of vector 
15 pY6019, which contains the hsp70 promoter and the HIV1 
pql gene inserted in the hsp70 coding site of pY6017. 

JTigure 9 is a schematic representation of vector 
pY6020, which contains the hsp70 promoter and the HIV1 
env gene inserted in the hsp70 coding site of pY6017. 
20 Figure 10 is a schematic representation of vector 

pY6021 v which contains the hsp70 promoter and the SIV1 
gag gene inserted in the hsp70 coding site of pY6017. 

Figure 11 is a schematic representation of vector 
pY6022, which contains the hsp70 promoter and the SIV1 
25 pol gene inserted in the hsp70 coding site of pY6017. 

Figure 12 is a schematic representation of vector 
pY6023, which contains the hsp70 promoter and the SIV1 
env gene inserted in the hsp70 coding site of pY6017. 

Detailed Description of the Inve ntio n 
30 Mycobacteriu m bovls -BCG (BCG or K. bovi s-BCG) is an 

avirulent M . bovis derivative which is widely used 
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throughout the world, particularly to provide protection 
against tuberculosis . 

Because M. bovis-BCG has excellent adjuvant activity 
for induction of cell -mediated immunity, stimulates 

05 long- term -memory (immunity) and has a low mortality 

associated with its use, it is an excellent candidate as 
a recombinant vehicle for the expression of proteins of 
interest, such as a protein antigen, enzymes, 
lymphokines , and immunopo tentiators . 

10 It is now possible, using the marked target strain, 

the integration vector and the method of the present 
invention, to produce recombinant mycobacteria in which 
DNA of interest and a regulated promoter region are 
stably integrated and in which the DNA of interest is 

15 expressed under the control of the regulated promoter 
region. In particular, it is now possible to stably 
introduce DNA of interest into BCG genomic DNA in combi- 
nation with a regulated promoter region, such as that of 
the heat shock protein (hsp)70 or the hsp60 promoter 

20 region. The resulting recombinant BCG has very similar 
characteristics to those of the unmodified BCG . The 
recombinant genome includes the DNA of interest and the 
regulated promoter region, which are not in the 
unmodified BCG. Expression of the DNA of interest, to 

25 produce the encoded protein or polypeptide, is under the 
control of the regulated promoter region. The 
recombinant mycobacteria are useful as* expression 
vehicles, in which expression of the DNA of interest is 
under the control of the regulated promoter region and, 

30 thus, is reguiatable. 

An important feature of this system is that the 
genomic DNA of the recombinant BCG is minimally 
disrupted. DNA of interest is inserted along with the 



WO 9€/15873 



PCT/US90/03451 



-10- 



re gulated promoter region into a site between the PyrF 
gene and the adjacent gene, so that the expression of the 
mycobacterial genes is not affected. Thus, modified BCG 
is essentially the same as the unmodified BCG. 
05 The following is a description of construction of 

marked mycobacterial target strains; construction of 
integration vectors useful for introducing DNA of inter- 
est into marked mycobacterial target strains; production 
of recombinant mycobacteria having DNA of interest stably 
10 integrated into genomic DNA; and uses of the resulting 
recombinant mycobacteria. Although the following is 
described in terms of BCG, it is to be understood that 
the methods and vectors described can also be used to 
produce recombinant H. sme g mat is, as well as other 
15 recombinant mycobacteria, such as: M. avium, M. phlei, 
f ortui turn , M . l ufu , K. paratube rcul osls , K . h ab ana , 

scr oful a ceum . M_. tu bercu losis , and M_. in tra ce llulare . 

Figure 1 is a schematic representation of 
construction of a marked mycobacterial (BCG) target 
20 strain, which is the target for further manipulation 
using standard genetic engineering methods. A 
recombinant plasmid containing mycobacterial DNA in which 
the PyrF gene has been replaced with a gene encoding a 
selectable marker is used to transform H. bovi s-BCG, 
25 using standard methods such as elec troporation. A double 
homologous recombination event (indicated in Figure 1 by 
two Xs) occurs between plasmid-borne sequences homologous 
to sequences within the mycobacterial genome. For double 
homologous recombination to occur, plasmid-borne 
30 sequences homologous to sequences in the mycobacterial 

genome are positioned on either side of the gene encoding 
the selectable marker. The result is a replacement in 
the mycobacterial genome of the PyrF gene with the gene 



WO 90/15873 



PCT/US90/03451 



-11- 



encoding the selectable marker (e.g., aph as represented 
in Figure 1). Transf ormants (i.e., mycobacteria in which 
the PyrF gene has been replaced by the selectable marker- 
encoding gene) exhibit a change in phenotype different 

05 from the phenotype observed in the unmodified 

my cob ac t er ium . Transf ormants are selected on the basis 
of either of these character is tics . 

The resulting marked mycobacterial target strain is 
used as a target for further manipul-a t ion -, using known 

10 techniques, by which DNA of interest is integrated into 

mycobacterial genomic DNA. An integration vector such as 
that represented in Figure 2 is used for this purpose. 
The integration vector includes DNA sequences homologous 
to DNA sequences in the target mycobacterial genome, DNA 

15 encoding a selectable marker of mycobacterial origin, DNA 
encoding a protein or polypeptide of interest (DNA of 
interest) and DNA encoding a regulated mycobacterial 
promoter region. The remaining sequences present in the 
integration vector are those of an appropriate plasmid 

20 vector (such as pUC19). Construction of integration 

vectors of the present invention are described in detail 
below. The integration vector is introduced into the 
marked mycobacterial target strain using standard 
techniques (e.g., electropora t ion) . A double homologous 

25 recombination event (indicated in Figure 2 by 2 Xs) 
occurs between plasmid-borne mycobacterial sequences 
which are homologous to sequences in the target 
mycobacterial genome and which flank the DNA encoding a 
selectable marker of mycobacterial origin (on one side) 

30 and the DNA of interest (on the other side). The result 
is a replacement in the marked target strain of the gene 
encoding a selectable marker (in Figure 2, aph) and 
flanking sequences with DNA homologous to mycobacterial 
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sequences, the DNA encoding a selectable marker of myco- 
bacterial origin, the DNA of interest, and DNA encoding a 
regulated mycobacterial promoter region. This is 
represented schematically in Figure 2. As shown, the 
05 double homologous recombination event results in 

recombinant mycobacteria which have two phenotypic 
characteristics useful for identifying and selecting 
cells containing the DNA of interest and regulated 
promoter region. 
10 DNA of interest can be of any origin and is DNA 

which is all or a portion of a gene or genes encoding 
protein(s) or polypeptide ( s ) of interest. The term 
polypeptide of interest, as used herein, includes all or 
a portion of a protein to be expressed. Such DNA of 
15 interest is expressed in the genetically recombinant 
mycobacteria, in which it is integrated into the 
mycobacterial genome. The DNA of interest is introduced 
into the marked mycobacterial target strain as a 
component of an expression cassette, which also includes 
20 a regulated promoter region. As a result of the double 
homologous recombination by which integration occurs, 
recombinant mycobacteria contain DNA of interest, the 
regulated promoter region and components which are 
equivalents of the corresponding sequences present in the 
25 unmodified mycobacteria. For example, as shown in Figure 
2, the recombinant BCG differs from the unmodified BCG 
only by the presence of the DNA of interest and the 
regulated promoter region. The mycobacterial genomic DNA 
has been changed (by replacement of the PyrF gene and 
30 flanking sequences with the aph gene and flanking 

sequences) and then "reconstructed" in such a manner that 
equivalents of the PyrF gene and flanking sequences are 
integrated, along with the expression cassette. The 
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"net" change is incorporation into the mycobacterial 
genome of DNA of interest and a regulated promoter 
region . 

The regulated promoter region present in the 

05 expression cassette can be any regulated promoter region 
functional in mycobacteria. The regulated promoter 
region includes the transcriptional promoter and 
translational start site,, including the ribosome binding 
sites. In general, the promoter region is of 

10 mycobacterial origin. However, regulated bacterial 

promoters, such as the E Aj co 1 i lacZ promoter, can also be 
used. In one embodiment of the present invention, the 
regulated promoter region is a heat shock promoter region 
(hsp) of mycobacterial origin, such as the BCG hsp70 or 

15 hsp60. Use of such a regulated promoter region provides 
an important advantage to the recombinant mycobacteria; 
particularly in expression vehicles which are vaccine 
vehicles. In circumstances, such as increased 
temperature or bacterial infection, in which an 

20 individual is stressed, the hsp promoters are turned up 
and enhanced protein production occurs. In the present 
invention, this is particularly useful because expression 
of the DNA of interest is under the control of the 
regulated promoter region, which is turned up and, thus, 

25 drives expression of the DNA of interest at a higher than 
normal level. 

When DNA of interest is integrated into the 
mycobacterial genome as a result of a single homologous 
recombination event, plasmid DNA and the DNA of interest 

30 are integrated into the mycobacterial genome. The 

resulting recombinant mycobacter ium is unstable due to 
identical mycobacterial sequences in close proximity to 
one another. As a result, recombination of homologous 
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sequences can again occur. This results in "looping out" 
(resolution), which removes the recombinant plasmid and 
DNA of interest, thus eliminating the genomic 
integration. This does not occur in recombinant 

05 mycobacteria of the present invention. 

Construction of one marked BCG target strain and of 
several plasmid vectors and integration vectors, as well 
as integration of DNA of interest into the marked target 
strain genomic DNA, are described below with reference to 

10 the figures. 

To produce a marked mycobacterial target strain, the 
mycobacterial PyrF gene in the K. bovl s-BCG genome was 
replaced with the aph gene, which encodes kanamycin 
resistance, using a plasmid vector (designated pY6015) 

15 containing the aph gene and capable of transforming M A 

b ovis -BCG. The PyrF gene encodes orotidine monophosphate 
decarboxylase, which allows mycobacteria to grow in 
medium lacking uracil. The normal or wild type BCG is a 
uracil prototroph (grows in the absence of uracil) and 

20 kanamycin sensitive and has the phenotype (URA + , KAN S ) . 
As described in detail in the following sections, and 
represented in Figures 3 and 4, plasmid pY6015 was 
constructed by replacing the PyrF gene in the vector 
pY6014, which also contains sequences flanking PyrF 

25 (Figure 3), with an aph gene (Figure 4). Vector pY6015 
contains the aph gene flanked by BCG sequences normally 
found flanking either side of the PyrF'gene in the BCG 
genome. 

Recombinant plasmid pY6015, was used to transform 
30 mycobacterial cells (e.g., H. bovis-BCG), using standard 
electroporation techniques, to produce a target BCG 
strain which is then manipulated, as described below, to 
stably integrate DNA of interest into its genome. 
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"Recognition" of homology between sequences present in 
the plasmid-borne mycobacterial DNA sequences located on 
both sides or ends of the gene encoding a selectable 
marker (here the aph gene) and sequences in the mycobac- 
05 terial genome (PyrF flanking sequences), results in 

double homologous recombination. As diagrammed in Figure 
1, the recombination event resulted in replacement of the 
mycobacterial PyrF gene and integration of the plasmid- 
borne aph gene, thus producing a "marked 11 BCG target 

R 

10 strain having the phenotype (URA , KAN ) . Elec tr opora ted 
cells were plated onto medium which contained kanamycin 
and uracil. Only those cells which contained the intact 
aph gene survived under these conditions. 

A second recombinant plasmid, referred to as an 

15 integration vector, was then used to introduce DNA of 
interest into the marked mycobacterial target cells 
(here, the mycobacteria containing the aph gene). The 
integration vector used to transform the target BCG 
includes: 1) DNA sequences (referred to as plasmid-borne 

20 DNA sequences) homologous to DNA sequences in the target 
BCG genome, which are necessary for double homologous 
recombination to occur (between plasmid-borne mycobac- 
terial sequences and DNA sequences in the marked target 
BCG genome); 2) DNA encoding a selectable marker of 

25 mycobacterial origin; 3) DNA encoding a regulated 
mycobacterial promoter region to control or drive 
expression of DNA of interest; and 4) DNA of interest 
encoding a protein or polypeptide of interest. DNA 
encoding a selectable marker of mycobacterial origin is 

30 defined herein as nucleotide sequences, isolated from the 
mycobacterial genome or nucleotide sequences sufficiently 
similar to the mycobacterial sequences to encode the same 
selectable or phenotypic characteristics, including DNA 
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sequetices produced by chemical or mechanical synthesis, 
or by cloning and amplification. The target BCG cells 
are transformed with the integration vector, using known 
techniques. The mycobacterial sequences in the 
05 integration vector were the same as those present in the 
mycobacterial genome. Alternatively, they can be 
sufficiently similar to those present in the 
mycobacterial genome to make homologous recombination 
possible. As represented in Figure .2, a PyrF gene has 
10 been used in combination with DNA of interest encoding a 
protein or polypeptide of interest. "Recognition" of 
homology of sequences present in the plasmid-borne 
mycobacterial DNA (i.e., PyrF DNA sequences and flanking 
sequences) and identical or sufficiently similar 
15 sequences present in the marked target mycobacterial 

genome results in double homologous recombination between 
regions of the incoming (plasmid-borne) mycobacterial DNA 
and the genomic mycobacterial DNA, The result is 
integration of the PyrF gene and the expression cassette, 
20 which includes the DNA of interest and the hsp 70 

promoter region, into the mycobacterial genome, with the 
concomittant deletion of the aph gene. 

Thus, as described above, it is possible to 
integrate into the mycobacterial genome DNA encoding a 
25 protein or polypeptide of interest and to identify and 
select those cells which contain DNA of interest stably 
integrated into the genome. In addition, such DNA of 
interest is integrated into the mycobacterial genome at a 
selected site (i.e., PyrF gene locus). This same 
30 approach can, of course, be used to integrate DNA of 
interest into other selected sites on mycobacterial 
genomic DNA. For example, the site chosen can be any 
gene necessary for cell metabolism. In this case, a site 
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on the genome, at which integration is desired, can be 
selected. An integration vector can be constructed, as 
described previously. The DNA of interest can be stably 
integrated into mycobacterial genomic DNA and cells 

05 containing the stably integrated DNA of interest 

selected, in the same manner as described previously. 

Until the present time, it has not been possible to 
produce recombinant mycobacterial expression vehicles in 
which DNA encoding a polypeptide or protein, such as one 

10 against which an immune response is desired, is stably 
integrated, at selected sites and in selected orienta- 
tions, in genomic DNA. Further, according to the method 
of the present invention, the expression of DNA of 
interest stably integrated into the mycobacterial genome 

15 is controlled by a regulated mycobacterial promoter 
region. For example, a mycobacterial promoter and 
ribosome binding site, such as a heat shock protein 
promoter region (e.g., hsp70, hspSO) , serve as 
regulatable expression signals controlling expression of 

20 the DNA of interest. As represented in Figure 6, the 

expression cassette can include a polylinker in sequences 
surrounding the mycobacterial sequences necessary for 
double homologous recombination (i.e., the PyrF gene). 
As a result, DNA of interest can be inserted into the 

25 mycobacterial genome and mycobacterial expression signals 
will control the level of production of the protein or 
polypeptide of interest. Selection of mycobacterial 
cells in which the PyrF - expression cassette-DNA of 
interest combination are stably integrated can be carried 

30 out as described previously. 

It is now possible, using the method and the 
integration vector of the present invention, to integrate 
DNA of interest into a cultivable mycobacterium and 



WO 90/15873 



PCT/US90/03451 



-18- 



regulate the expression of the DNA of interest. The DNA 
encoding a polypeptide or protein against which an immune 
response is sought, which is present in the integration 
vector, can be obtained by isolation of the naturally- 

05 occurring DNA (e.g., from the pathogenic organism or 

toxin-producing organism) ; by cloning and amplification 
of the DNA sequence of interest, using known genetic 
engineering techniques (See, for example, Maniatis, T , 
at^_al^ Molecular Cloning: A Laboratory Kanual, Cold 

10 Spring Harbor, N.Y. (1982).); or by mechanical or 

chemical synthesis (e.g., polymerase chain reaction 
(PCR)). 

Similarly, plasmid- borne DNA sequences necessary for 
homologous recombination can be isolated from a source in 

15 which it occurs in nature, produced by means of standard 
genetic engineering techniques or synthesized chemically 
or mechanically. The characteristic which serves as the 
basis for selection of a marked mycobacterial target 
strain containing the gene encoding a selective marker 

20 can be, as described, drug resistance. The gene can 
encode, for example, kanamycin resistance, viomycin 
resistance, thiostrepton resistance, hygromycin resis- 
tance or bleomycin resistance. Alternatively, an auxo- 
trophy strategy can be used, such that selection is based 

25 on the ability of mycobacteria In which Integration has 
occurred to survive, when grown on appropriate medium. 

The integration vector described above and in the 
following sections can be used to integrate DNA of 
interest which encodes one or more antigens for one or 

30 more pathogens of Interest into the mycobacterial genome. 
It can also be used, by integrating DNA encoding an 
appropriate protein, such as human gonadotropin hormone 
(HGH) fragments, into mycobacteria, to produce an 
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anti - fertility "vaccine." These vectors can also be used 
to integrate DNA encoding a protein or a polypeptide 
which is a growth inhibitor for or cytocidal to tumor 
cells. The resulting recombinant mycobacteria can be 

05 used, respectively, to non- spec! f ically augment immune 
responses to foreign antigens expressed in mycobacteria 
and to treat some human cancers. 

As a result, it is possible to produce recombinant 
mycobacterial vaccines which can be used to immunize 

10 individuals against, for example, leprosy, tuberculosis, 
malaria, diphtheria, tetanus, leishmania, salmonella, 
schis tomiasis , measles, mumps, herpes, and influenza. 
Genes encoding one or more protective antigens for one or 
more of the disease - causing pathogens can be integrated 

15 into the mycobacterial genome. Of particular value is 
the ability to integrate genes encoding antigens of 
pathogens which require T-cell memory or effector 
function. Administration of the resulting recombinant 
mycobacterial vaccine to a host results in stimulation of 

20 the host's immune system to produce a protective immune 
response . 

Construction of a recombinant plasmid vector and 
R££jH£iLL&B. °^ a mar ^ ed m ycobacterial t arget strain 

A marked mycobacterial target strain was produced to 

25 be able to introduce and express DNA of interest at a 
specific M. bovls-BCG gene locus, and ,to select for 
recombinant mycobacteria in which integration occurs. 
For example, the PyrF gene is a particularly useful 
genetic tool because it permits positive and negative 

30 selections and does not suffer from several problems 

associated with drug resistance markers. For example, 
spontaneous resistance to many drugs occurs at relatively 
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high frequencies in bacteria because of the large number 
of different mutations that can affect cell permeability 
to drugs. Further, it is often undesirable in 
potentially pathogenic organisms, or in candidate live 
vaccines to have a drug resistance marker present in the 
vaccine vehicle. 

In the method of the present invention, a marked 
mycobacterial target strain is produced in which the 
normal mycobacterial PyrF gene is replaced with a 
plasmid*borne aph gene. A starting plasmid, pY6014, was 
produced by cloning the entire BCG PyrF gene and flanking 
DNA sequences (-0.5-1.5 kb on either side) into pUC19 
(Figure 3). Subsequently, the PyrF gene was replaced 
with the aph gene isolated from Tn903 to produce plasmid 

pY6015. Normal mycobacterial cells are uracil 

+ S 
prototrophs (URA ) and kanamycin sensitive (KAKS ) . The 

pY6015 vector contains the aph gene inserted between the 

BCG PyrF flanking sequences. This vector was used to 

transform BCG cells to produce a marked mycobacterial 

target strain (i.e., BCG cells in which the aph gene has 

been inserted into the genome). A double homologous 

recombination event, indicated in Figure 1 by two Xs , 

occurs between the plasmid-borne mycobacterial sequences 

homologous to sequences in the mycobacterial genome 

(i.e., PyrF flanking sequences). The result is a 

replacement of the mycobacterial PyrF gene with the aph 

gene which encodes kanamycin resistance. As a result of 

the recombination event, the trans formants have a 

distinctive double phenotype. The marked target BCG 

strain are uracil auxotrophs (URA~) and kanamycin 

resistant (KAN ). Thus, mycobacteria that have undergone 

gene replacement can be directly selected by plating 

transf ormants on medium containing kanamycin and uracil, 
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or alternatively, on medium containing 5 - f luoro - or o tic 
acid (FOA) and uracil (the loss of the PyrF gene produces 
cells that are resistant to FOA). 

Construction of an integration vector containing a 

0 5 £e.^Hl£l£^-5Z££^*£H£iSl-££25££l£— IS d_DN^o f _^nt e r es_t 

As described above, a recombinant plasmid vector, 
pY6014, was produced by inserting the ; -mycobacterial PyrF 
gene and flanking mycobacterial DNA Sequences into pUCl9 . 
In order to insert DNA sequences of interest in a precise 

10 location and particular orientation, several restriction 
sites on the pY6014 vector as well as the original pUC19 
polylinker were removed. The pY6014 vector was digested 
with Kpnl and Hindlll, blunt ended and self-ligated to 
produce plasmid vector pY6016 (See Figure 5). 

15 The first third of the M. tuberculosis heat shock 

protein hsp70 was inserted 106 nucleotides downstream of 
the PyrF gene in the pY6016 vector. The hsp70 DNA 
isolated from tuberculosis is identical to the 
bovis-BCG hsp70 DNA. Approximately 1.8 kb of hsp70 DNA 

20 was cloned into the Hpal site of the pY6016 vector to 
produce the pY6017 vector (See Figure 6). In this 
configuration, the Ncol restriction site overlaps the 
sequence ATG , which is the start codon, initiating hsp70 
protein synthesis. The polymerase chain reaction (PCR) 

25 method was used to produce DNA of interest in an 

orientation which covers the start codon, thereby driving 
expression of the DNA of interest from the native start 
sequence. The hsp70 coding sequence was replaced with 
DNA of interest encoding a protein or polypeptide of 

30 interest with the result that the hsp70 promoter and 
ribosome binding site drives the expression of the 
protein or polypeptide of interest. 
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The pY6017 vector containing the hsp70 gene was 
first digested to completion with Kpnl or Xbal, then 
subjected to a Ncol partial Xbal digest. This digest was 
run on a gel to purify the linearized vector which lacks 
05 the hsp70 coding sequence. The DNA of interest was 
synthesized using PGR, and cloned into the Ncol 
partial-Xbal digested pY6017 . Six vectors were produced 
with DNA of interest in the hsp70 coding sequence. The 
plasmid vector pY6018 contains the HIV1 gag gene, 
10 synthesized as a 1500 bp Ncol-Xbal fragment using PCR; 

pY6019 contains the HIV1 £ol gene, synthesized as a 2720 
bp Ncol-Xbal fragment using PCR; pY6020 contains the HIV1 
env gene, synthesized as a 2570 bp Ncol-Hbal fragment 
using PCR; pY6021 contains the S1V1 ga^g gene, synthesized 
15 as a 1520 bp blunt-Kpnl fragment using PCR; pY6022 

contains the SIV1 £ol gene, synthesized as a 3125 bp Smal 
fragment using PCR; and pY6023 contains the SIV1 env 
gene, synthesized as a 2750 bp Smal-Xbal fragment using 
PCR (See Figures 7-12) . 

20 Transformation of the marked mycobacterial target strain 

with rec ombinant plasmid vector and DNA of interes t 

Standard techniques such as electroporation can be 
used to introduce the integration vector into the marked 
mycobacterial target strain (i.e., recombinant mycobac- 

25 teria containing a selectable marker). As diagrammed in 
Figure 2, marked BCG cells can be transformed with the 
integration vector, under conditions appropriate for 
double homologous recombination to occur between 
plasmid-borne sequences (i.e., the PyrF gene, homologous 

30 mycobacterial sequences flanking the PyrF gene and the 

DNA of interest, hsp70 promoter and DNA of interest) and 
homologous sequences in the marked target BCG genome. 
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The result is integration of the incoming PyrF-hsp70 
promoter-DNA of interest combination and deletion of the 
aph gene in the marked target BCG. Mycobacterial cells 
containing the PyrF gene, the hsp70 promoter, and DNA of 

05 interest can be selected by culturing the el ec troporat ed 
cells on uracil- containing medium. Only those cells in 
which integration cf the PyrF gene occurs survive. 

An important advantage of the method of the present 
invention, which is illustrated in Figure 2, is that 

10 integration of the DNA of interest occurs without 

concomitant integration of plasmid DNA into the genome. 
That is, except for the DNA of interest, the net effect 
is that sequences which are not normally present in 
mycobacteria (i.e., plasmid sequences) are not present in 

15 the recombinant mycobacterial cells. 

Overview of uses and advantages of integration vectors 

and methods of_the present in vent ion 

There are numerous uses for and advantages of the 
integration vector of the present invention. Several of 

20 these are described below, as is the use of the inte- 
gration vector in constructing expression or vaccine 
vehicles. As a result of the present invention, DNA of 
interest is integrated into the mycobacteria genome and 
expression of the DNA is regulated with a mycobacterial 

25 promoter. New genetic approaches to understanding 
questions of disease pathogenesis are now available. 
Using the integration vector, it should be possible to 
insertionally mutagenize and mark genes of pathogenic 
mycobacteria, by homologous recombination, with the aim 

30 of identifying specific genetic functions required for 
virulence and pathogenesis. For example, using this 
vector and mycobacteria (e.g., M. sme gmatis. 
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bovis -BCG) , virulence genes of M. tuber cul osis or 
le£rae can be identified and diagnostics (diagnostic 
tests) developed. By specifically deleting or replacing 
those genes, it nay be possible to develop a more 

05 specific and effective attenuated vaccine against 
tuberculosis than the current M. bovi s-BCG vaccine. 
Alternatively, as specific protective antigens for 
tuberculosis and leprosy are identified by study of 
antigens recognized by T ceils from resistant 

10 individuals, it will now be possible to introduce and 

express them in currently existing M. bovis -BCG vaccines. 

Overview of uses and advantages of recombinant 

mycobacteria 

The method of the present invention is useful to 

15 construct a genetically recombinant mycobacterial vehicle 
for the expression of the protein(s) or polypeptide ( s ) 
encoded by DNA of interest incorporated into the 
mycobac terium . Such genetically recombinant mycobacteria 
have many uses. 

20 Vehicles of the present invention can be used, for 

example, as vaccines to induce immunity against the 
pathogenic antigen encoded by the DNA of interest. 
A pathogen is any virus, microorganism, or other organism 
or substance (e. g., toxins) which causes disease. A 

25 vaccine vehicle useful for immunizing against leprosy can 
be made. Because of the extraordinary adjuvant activity 
of mycobacteria, such as BCG, such a vaccine would be 
effective in producing cell -mediated immunity, particu- 
larly of a long-term or enduring nature. Genes encoding 

30 protein antigens of the leprosy parasite M. le prae have 
been isolated by Young and are described in detail in 
co-pending U. S. Patent Application Serial No. 892,095, 
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filed July 31, 1986, the teachings of which are in- 
corporated herein by reference. In particular, genes 
encoding five immunogenic protein antigens (i. e., 
antigens of molecular weight 65kD, 36kD, 28kD, 18kD and 

05 12kD) have been isolated. In addition, 6 different 

epitopes encoded by the gene for the 65kD antigen have 
been defined. At least one of these epitopes has been 
shown to be unique to M. leprae; the other epitopes have 
been shown to be shared with the 65kD proteins of other 

10 mycobacteria. 

Through use of the integration vector of the present 
invention, it is possible to integrate into the BCG 

genome one or more of the genes encoding >L l£££££ 

protein antigens, using methods described above and in 

15 the following examples. The genes encoding the HIV1 and 
the SIV1 £ag, £ol, and env proteins have been cloned into 
plasmid vectors, to be introduced into marked target 
bovis-BCG cells using the techniques described above. In 
this way, it is possible to construct a vaccine which is 

20 close to ideal, in that it contains one or more 

protective antigens of HIV1 or SIV1, does not have 
tolerogenic determinants and has an excellent adjuvant 
for inducing cell -mediated immunity. 

In a similar fashion, it is possible to construct a 

25 vaccine, using an integration vector and the method of 
the. present invention, to provide specific protection 
against tuberculosis. Genes encoding immunogenic protein 
antigens of the tubercle bacillus M . tu bercu losis have 
been isolated and are described in co-pending U. S, 

30 patent application Serial No. 07/010,007, entitled "Genes 
Encoding Protein Antigens of Mycobacterium Tuberculosis 
and Uses Therefor", by Robert N. Husson and Richard A. 
Young, filed February 2, 1987 (now abandoned), and in the 
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continuation-in-part application, Serial No. 07/154.331, 
(filed by the Express Mail procedure February 10, 1988), 
entitled "Genes Encoding Protein Antigens of Myco- 
bacterium Tuberculosis and Uses Therefor", by Robert N. 

05 Husson, Richard A. Young and Thomas M. Shinnick, the 

teachings of which are incorporated herein by reference. 

In this case, a gene encoding an immunogenic protein 
antigen of M. tu berculosis is integrated into a marked 
target BCG by means of an integration" vector , as 

10 described above. It Is also possible to integrate more 
than one M^ tuberculosis gene, each encoding a protein 
antigen, into the BCG genome. For example, a gene 
encoding immunogenic M. tuberculosi s antigens of 
molecular weight 12kD, 14kD, 19kD, 65kD and 71kD, or a 

15 combination of two or more of these genes under the 
control of regulatated mycobacterial promoter region, 
such as a heat shock protein promoter region or stress 
protein promoter region, can be inserted into an 
integration vector, stably integrated into the genomic 

20 DNA of marked target BCG and expressed. The result is a 
vaccine which Is specific for immunization against 
tuberculosis and which induces long-lived immunity 
against the bacillus. 

Vaccine vehicles which express a protein antigen or 

25 antigens from malaria sporozoites, malaria merozoites, 
diphtheria toxoid, tetanus toxoid, Leishmania, Salmon- 
ella, Mycobacterium afrlcanu m , M ycobacterium intrace 1 - 
l ulare , Mycobac terium a vium , treponema, pertussis, herpes 
virus, measles virus, mumps, Shigella, Neisseria, 

30 Borrelia, rabies, polio virus, HIV-1, Simian immuno- 
deficiency virus, snake venom, insect venum or vibrio 
cholera can also be produced in the same manner. 
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It is also possible, using the method of the present 
invention, to construct a multipurpose or multifunctional 
vaccine (i.e., a single vaccine vehicle which contains 
and expresses. DNA of interest which includes more than 

05 one gene, each gene encoding a protein antigen for a 
different pathogen or toxin). For example, it is 
possible to integrate into the BCG genome, using the 
integration vector described, a gene encoding a protein 
antigen for M . leprae, a gene encoding a protein antigen 

10 for M. tubercul os is, a gene encoding a protein antigen 
for Leishmania, and a gene encoding a protein antigen for 
malaria. Administration of this multi-valent vaccine 
would result in stimulation of an immune response to each 
antigen and provide long-term protection against leprosy, 

15 tuberculosis, leishmaniasis, and malaria. 

The recombinant mycobacteria can also be used as an 
anti - fertility "vaccine" vehicle. For example, 
mycobacteria containing DNA encoding proteins such as 
human gonadotropic hormone (HGH) fragments, can be used 

20 as an ant i • f er t il i ty vaccine and administered as a birth 
control agent. Vaccine vehicles of the present invention 
can be used to treat human cancers, such as bladder 
cancers or melanomas (e.g., by expressing growth 
inhibitors or cytocidal products). In this context, 

25 recombinant mycobacteria which contain and express 
interferon a, 0 and/or 7, one or more interleukin 
( interleukins 1-7) and/or TNF o or 0 are particularly 
useful. In another application, recombinant mycobacteria 
can be used to express stress proteins, either for the 

30 purpose of eliciting a protective immune response (e.g., 
against subsequent or long-term infection) or for the 
purpose of inducing tolerance in an autoimmune disease 
(e.g., rheumatoid arthritis). Stress proteins, such as 
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those described in co-pending U.S. patent application 
Serial No. 207,298, entitled Stress Proteins and Uses 
Therefore, by Richard A. Young and Douglas Young, filed 
June 15, 1988, can be used in this purpose. Because of 
05 their large genomes (e.g., the BCG genome is about 3xl0 6 
bp long) , mycobacteria can accommodate large amounts of 
DNA of interest and, thus, can serve as multi-purpose 
vehicles . 

Recombinant mycobacteria of the present invention 

10 can be used to produce polypeptide ( s ) of interest, such 
as those involved in steroid synthesis. In this case, 
all or a portion of such a gene is integrated into the 
mycobacterial host, in which expression is regulated as 
* described above. Thus, the recombinant mycobacteria 

15 provide a valuable means of producing such proteins that 
could synthesize steroids. 

In any of the uses of the recombinant mycobacteria 
to express a protein or polypeptide, it is possible to 
include in the integration vector DNA encoding a signal 

20 sequence and, thus, provide a means by which the 

expressed protein or polypeptide is made in the cytoplasm 
and then secreted at the cell walls. For example, the 
signal sequence from a antigen, which is secreted in 
mycobacteria, could be used. Alternatively, the signal 

25 sequence for 0- galactos idase , agarase or a amylase could 
be used. 

The present invention will now be illustrated by the 
following examples, which are not to be considered 
limiting in any way. 
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Example 1 Construction of a recombinant plasmid for 
introduction of the Kan gene into 
bovi s^BCG^ar.d of a mark ed target BCG 

The DH5a bacterial strain was used to prepare a 
05 recombinant plasmid. (Bethesda Research Lab, Maryland). 
M._ bovis-BCG (Moreau) genomic DNA was prepared by 
standard procedures. 

The starting vector pY6014 was produced by inserting 
a Sacl partial - EcoRI 4510 bp fragment cloned from pY6013 
10 into pUC19 DNA digested with Sacl and EcoRI. (See 

Figure 3) The pY6011 plasmid was obtained by inserting a 
5610 bp EcoRI fragment from Y3330 into EcoRI digested 
pGEM-7Zf + (Promega Biotech). Y3330 is a Agtll clone from 
a Agyll library of BCG DNA, obtained by screening the 
15 library with a fragment of the BCG PryF gene. The pY6014 
contains the mycobacterial PyrF gene and 1.4-1.6 kb of 
flanking mycobacterial DNA on either side of the PyrF 
gene. 

The aph gene which encodes kanamycin resistance was 
20 obtained from pY6005 and inserted in the pY6014 

recombinant plasmid to replace the PyrF coding sequences, 
using standard techniques. (pY6005; (Ran ) kanamycin 
resistance cartridge derived from Tn903 was inserted in 
pUC4 Sacl, a derivative of pUC4 with pTJCl replacing the 
25 Sacl site in the polylinker) . The aph gene was cloned 
into Hindi 6,1 kb fragment from pY6014, as a BamHI 
filled in fragment from pY6005. This produced the 
recombinant plasmid pY6015 which was used to produce the 
marked target BCG strain. (See Figure 4) 
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Isolation of marked target BCG containing the^Kgn^ene 
As diagrammed in Figure 1, a marked target BCG 

strain was produced by transforming BCG with the 

recombinent plasmid pY6015 discribed above. This 
05 procedure was performed as follows: BCG cells were grown 

in suspension culture at optical density <0D) 0.5, 

concentrated 50 fold in electroporation buffer PSB 

(phosphate sucrose buffer) and transferred to a curvette. 

After addition of 10 pg of plasmid DNA, one electrical 
10 pulse of 6,250 V/cm and 25 pF was given and the cells 

were resuspended in 10 ml medium, grown at 37* C for 2 

hours and plated. 

Marked target BCG were isolated by plating the 

transformation on Kiddlebrook 7H10 agar plates containing 
15 20 pg/ml kanamycin and 1 mg/ml FOA. 

Example 2 Construction of an integration vector for 

introduction of DNA of interest into marked 

target M. bovis-BCG 

An integration vector capable of transforming the 
20 marked target BCG (produced in Example 1) was engineered 
which contained the mycobacterial PyrF gene, DNA 
sequences homologous to sequences flanking mycobacterial 
PyrF sequences necessary for homologous recombination, 
the mycobacterial hsp70 promoter and DNA of interest 
25 (i.e., the HIV1 or SIV1 gag , pol or e nv gene). This 

procedure is described below and diagrammed in Figure 2. 

The recombinant vector pY6014, described in Example 
1, which contains the mycobacterial PyrF gene and 
flanking DNA sequences was digested with Kpnl and 
30 Hindlll, blunt ended and self-ligated to produce the 
vector pY6016. (See Figure 5). This procedure was 
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performed according to standards procedures. This 
results in the removal of several restriction sites 
present in pY6014 located in the original polylinker DNA 
sequence . 

05 The hsp70 M_. tuberculosis EcoRI - Hindlll 1.8 kb 

filled in fragment was obtained from Y3334 (an M13 mp!8 
phage containing the EcoRI - Kpm 1.8 Kb fragment from 
Agtll clone Y3111 which was obtained by screening a Agtll 

9 

library of tub erculo sis DNA with antibodies against 
10 the 70 kDa antigen) , and cloned into the Hpal site of 
pY6016 (106 bp downstream of PyrF) using standard 
procedures. 

As shown in Figure 6, this results in the 
recombinant plasmid pY6017, which contains the hsp70 
15 promoter and partial coding sequence as well as 

mycobacterial (BCG) flanking sequences necessary for 
double homologous recombination with the marked target 
BCG produced in Example 1. Using this vector (pY6017) , 6 
integration vectors were produced having DNA encoding the 
20 HIV1 gag, pol or env gene or the SIV1 &ag t pol or env 

ene . Each of these vectors was produced by the following 
procedure in which the hsp70 coding region was replaced 
with the DNA of interest. 

Insertion of D NA of interes t in p Y6017 

25 The Ncol site in the hsp70 insert is at the ATG of 

hsp70 gene. DNA encoding a gene of interest was cloned 
into this vector (pY6017) using a polymerase chain 
reaction (PCR) on the gene of interest as template. The 
two oligonucleotides used in the reaction contain at the 

30 two ends two convenient restriction sites (in this case, 
Ncol for the oligonucleotides at the 5' end of the gene, 
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and one of the sites of the polylinker for the oligonu- 
cleotides at the 3' end of the gene). The PGR product 
was digested with the two enzymes chosen for the oligo- 
nucleotides and gel purified. The vector was cut to 

05 completion with one of the enzymes of the polylinker 

(Kpnl, Xbal) and to partial digestion with Ncol. If Ncol 
was present in the gene of interest, the Ncol site was 
blunted prior to digestion with the Kpnl or Xbal enzyme. 
The PCR product was filled in at the 5' end, and cut with 

10 the 3' end enzyme. 

The following recombinant plasmid vectors were 
produced : 

pY6018: the HIV1 gag gene was synthesized as a 1500 bp 
Ncol-Xbal fragment using PCR and cloned into 
15 Ncol partial-Xbal digested pY6017 (See Figure 

7) 

pY6019: the HIV1 pol gene was synthesized as a 2720 bp 
Ncol-Xbal fragment using PCR and was inserted 
into Ncol partial-Xbal digested pY6017 (See 
20 Figure 8) 

pY6020: the HIV1 env gene was synthesized as a 2570 bp 
Ncol-Xbal fragment using PCR and was inserted 
into Ncol partial-Xbal digested pY6017 (See 
Figure 9) 

25 pY6021: the SIV1 gag gene was synthesized as a 1520 bp 
blunt- Kpnl fragment using PCR and was inserted 
into Ncol partial-filled in Kpnl digested 
pY6017 (See Figure 10) 
pY6022: the SIV1 pol gene was synthesized as a 3125 bp 

30 Smal fragment using PCR and was inserted into 

Ncol partial-Xbal digested and filled in pY6017 
(See Figure 11) 
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pY6023: the SIV1 env gene was synthesized as a 2750 bp 
Smal-Xbal fragment using PCR and was inserted 
into Ncol partial filled in and Xbal digested 
pY6017 (See Figure 12) 
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CLAIMS 



1. A recombinant mycobacter ium comprising DNA of 
interest and a regulated promoter region, said DNA 
of interest and tiald promoter region stably 

05 integrated into the genomic DNA of said 

mycobacter ium in such a manner that expression of 
said DNA of interest is under the control of the 
regulated promoter region. 

2. A recombinant mycobacter ium of Claim 1 which is 
10 recombinant BCG ; the DNA of interest encodes a 

protein or polypeptide of interest selected from the 
group consisting of: antigens, enzymes, 
lymphokines, immunopotentiator s and reporter 
molecules; and the regulated promoter region is a 
15 mycobacterial promoter region. 

3. A recombinant mycobacter ium of Claim 1, which is 
selected from the group consisting of: 

a . Mycobacterium smegmati s ; 

b . M ycobacterium bovis -BCG ; 
20 c . Mycobacterium aviu m ; 

d. Mycobacterium phlel ; 

e . Mycobacterium fortultum ; 
f • Mycobacteriu m lufu ; 

g . M ycobacterium paratubercu losl-s ; 

25 h - Mycobacterium habana ; 

i . M ycobacter ium scrofulaceum ; 

j . M ycobacterium Intra ce llula r ; 

k . Mycobacterium tuberculosis ; an d 

1. any genetic variants thereof. 
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4. Recombinant BCG comprising DNA of interest and a 
regulated mycobacterial promoter region. 

5. A recombinant mycobacterium of Claim 2 wherein the 
regulated mycobacterial promoter is a heat shock 

05 protein promoter region. 

6. A vaccine comprising the recombinant mycobacterium 
of Claim 1 and an appropriate carrier. 

7. An integration vector comprising: 

a) DNA sequences homologous to DNA sequences in 
10 the mycobacterial genome; 

b) DNA encoding a regulated mycobacterial promoter 
region ; 

c) DNA encoding a selectable marker of 
mycobacterial origin; and 

15 d) DNA encoding at least one protein or at least 

one polypeptide to be expressed in mycobacteria. 

8. An integration vector of Claim 7 wherein the 
regulated mycobacterial promoter region is a heat 
shock protein promoter region. 

20 9. An integration vector of Claim 8 wherein the 

regulated mycobacterial promoter region is the hsp70 
promoter region. 

10. An integration vector of Claim 7 wherein the protein 
or polypeptide of interest is selected from the 
25 group consisting of: antigens, enzymes, 

lymphokines, immunopotentiators and reporter 
molecules. 
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11. An integration vector of Claim 10 wherein the 

protein or polypeptide is selected from the group 
consisting of: HIV gag, HIV E ol, HIV eny, SIV ga£, 
SIV pol and SIV env . 

05 12. A method of immunizing a mammalian host against one 
or more pathogens, comprising administering to said 
host a recombinant mycobacterium, said recombinant 
mycobacterium having stably integrated into its 
genome a) DNA of interest encoding at least one 

10 protein antigen for each of said pathogens , and b) 

DNA encoding a regulated mycobacterial promoter 
region in such a manner that expression of said DNA 
of interest is under the control of the regulated 
mycobacterial promoter region. 

• ■■ 

15 13. A method of Claim 12 wherein the recombinant 

mycobacterium Is selected from the group consisting 
of: 

a • Mycobacterium_s megmatis ; 
b . Mycobac terium bovls -BCG; 
20 c . M ycobacterium avium ; 

d. Mycobacterium phlei; 

e . Mycobacterium f ortuitum ; 
f ■ M ycobact er ium lufu ; 

g . Mycobac terium paratu bercu lps is ; 
25 h • Mycobacterium habana ; 

i • Mycoba cterium scrofulaceum ; 
j . Myco bacterium in trac ellular ; 
k. Mycoba ct erium tub erculosis; and 
k. any genetic variants thereof. 
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14. A method of Claim 13 wherein DNA of interest encodes 
at least one protein antigen selected from the group 
consisting of: 





a) antigens selected from the group consisting 


05 


1. 


Mycobacterium leprae antigens; 




2. 


Mycobacterium tuberculosis antigens; 




3. 


malaria sporozoites; 




4. 


malaria merozoites; 




5. 


diphtheria toxoid; 


10 


6. 


tetanus toxoids; 




7 . 


Leishmania antigens; 




8. 


Salmonella antigens ; 




9. 


Mycobacterium africanum antigens; 




10. 


Mycobacterium intr ace llulare antigens ; 




11. 


Mycobacterium avium antigens; 




12. 


Treponema antigens; 




13 . 


Pertussis antigens; 




14. 


Herpes virus antigens; 




15. 


Measles virus antigens; 


20 


16 . 


Mumps virus antigens; 




17. 


Shigella antigens; 




18 . 


Neisseria antigens ; 




19. 


Borrelia antigens; 




20. 


rabies antigens; 


25 


21. 


polio virus antigens; 




22. 


Human immunodeficiency virus antigens; 




23. 


snake venom antigens; 




24. 


insect venom antigens; and 




25. 


vibrio cholera 



b) steroid enzymes; 

c) interleukins 1 through 7; 

d) tumor necrosis factor a and fi; 

e) interferon a, 0 and 7; and 
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f) reporter molecules selected from the group 

consisting of luciferase; fi - galac tos idas e ; & 
glucuronidase and catechol dehydrogenase. 

15. A method of making a vaccine for immunization of a 
05 mammalian host against one or more pathogens , 

comprising: 

a) transforming mycobacteria with a recombinant 
plasmid comprising: 

1) DNA encoding a selectable marker; and 

10 2) DNA sequences homologous to DNA sequences 

in the mycobacterial genome; 
under conditions appropriate for double 
homologous recombination to occur between 
plasmid-borne mycobacterial sequences 

15 homologous to sequences in the mycobacterial 

genome, thereby producing target mycobacteria 
cells ; and 

b) transforming the target mycobacterial cells of 
(a) with an integration vector comprising: 

20 1) DNA of interest encoding at least one 

protein antigen for each of said 
pathogens; 

2) DNA encoding a selectable marker of 
mycobacterial origin; 

25 3) DNA encoding a regulated mycobacterial 

promoter region capable of regulating the 
expression of said DNA of interest; and 
4) DNA sequences homologous to DNA sequences 
in the target mycobacterial genome, 
30 under conditions appropriate for double 

homologous recombinantion to occur between 
plasmid-borne mycobacterial sequences 
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homologous to sequences in the target mycobac- 
terial genome, thereby producing a recombinant 
mycobacterium. 

16. A method of Claim 15 wherein the DNA of interest 
05 encodes at least one protein antigen selected from 

the group consisting of: 

a) antigens selected from the group consisting of: 





1. 


Mycobacterium leprae antigens; 




2 . 


Mycobacterium- tuberculosis antigens; 


10 


3 . 


malaria sporozoltes; 




4 . 


malaria merozoites; 




5 . 


diphtheria toxoid; 




6 . 


tetanus toxoids; 




7 . 


Leishmania antigens; 




8 . 


Salmonella antigens; 




o 

? • 


nycoDAC ufiriuio airicanum ancigens, 




10. 


Mycobacterium intracellulare antigens; 




n. 


Mycobacterium avium antigens ; 




12. 


Treponema antigens; 


20 


13. 


Pertussis antigens; 




14. 


Herpes virus antigens ; 




15. 


Measles virus antigens; 




16. 


Mumps virus antigens; 




17. 


Shigella antigens; 


25 


18. 


Neisseria antigens; 




19. 


Borrelia antigens; 




20. 


rabies antigens; 




21. 


polio virus antigens; 




22. 


Human immunodeficiency virus antigens; 


30 


23. 


snake venom antigens ; 




24. 


insect venom antigens ; and 




25 . 


vibrio cholera 
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b) steroid enzymes; 

c) interleukins 1 through 7; 

d) tumor necrosis factor a and fi; 

e) interferon a, fi and 7; and 

05 f) reporter molecules selected from the group 

consisting of luciferase; fi - galactos idase ; fi 
glucuronidase and catechol dehydrogenase. 

17. A method of Claim 15 wherein the regulated 
mycobacterial promoter region is a heat shock 

10 protein promoter region. 

18. A method of integrating into a mycobacterial genome 
DNA encoding a protein or a polypeptide to be 
expressed in the mycobacterium , comprising the steps 
of: 

15 a) transforming mycobacteria with a recombinant 

plasmid comprising: 

1) DNA encoding a selectable marker; and 

2) DNA sequences homologous to sequences in 
mycobacterial genomic DNA, 

20 under conditions appropriate for double 

homologous recombination to occur between 
plasmid-borne mycobacterial sequences 
homologous to sequences in the mycobacterial 
genome, thereby producing a target 

25 mycobacterial cells; 

b) selecting target mycobacterial cells produced 
in (a) in which double homologous recombination 
has occurred; 

c) transforming the target mycobacterial cells of 
30 (b) with an integration vector, comprising: 
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1) DNA sequences homologous to DNA sequences 
in the target mycobacterial genome; 

2) DNA encoding a selectable marker of 
mycobacterial orgin; 

05 3) DNA encoding a regulated mycobacterial 

promoter region; and 
4) DNA ancoding the protein or polypeptide to 

be expressed, 
under conditions appropriate for double 
10 homologous recombination to occur between 

plasmid-borne mycobacterial sequences 
homologous to sequences in the target 
mycobacterial genome, thereby producing 
recombinant mycobacteria containing DNA of 
15 interest; and 

d) selecting recombinant mycobacterial cells 
produced in (c) in which double homologous 
recombination has occurred. 

19. A method of Claim 18 wherein the protein or 

20 polypeptide of interest is selected from the group 

consisting of: antigens, enzymes, lymphokines, 
immunopotentiators and reporter molecules. 

20. A method of Claim 18 wherein the regulated 
mycobacterial promoter is a heat shock protein 

25 promoter region. 

21. A method of immunizing a mammalian host against one 
or more pathogens, comprising administering to said 
host a recombinant mycobacter ium , said recombinant 
mycobac terium having stably integrated into its 

30 genome a) DNA encoding at least one protein antigen 
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for each of said pathogens, and b) DNA encoding a 
regulated mycobacterial promoter region in such a 
manner that expression of the DNA of interest Is 
under the control of the regulated mycobacterial 
05 promoter region. 

22. A recombinant mycobac ter ium of Claim 21, wherein the 
DNA of interest encodes at least one protein antigen 
selected from the group consisting of: 
a) antigens selected from the group consisting of: 



10 


1 . 


Mycobacterium leprae antigens; 




2 . 


Mycobacterium tuberculosis ani-* 5 o n e . 




•a 

J • 


malaria sporozoltes ; 




A 

*#> . 


malaria merozoites; 






diphtheria toxoid; 


15 


6. 


tetanus toxoids; 




7. 


Leishmania antigens; 




8. 


Salmonella antigens; 




9. 


Mycobacterium africanum antigens* 




10. . 


Mycobacterium intrace llular a flTir^o« e ; 


20 


11. 


Mycobacterium avium antigens: 




12. 


Treponema antigens; 




13. 


Pertussis antigens; 




14. 


Herpes virus antigens; 




15. 


Measles virus antigens; 


25 


16. 


Mumps virus antigens ; 




17. 


Shigella antigens; 




18. 


Neisseria antigens; 




19. 


Borrelia antigens; 




20. 


rabies antigens; 


30 


21. 


polio virus antigens; 




22 . 


Human immunodeficiency virus antigens; 




23. 


Simian immunodeficiency virus antigens; 
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24. snake venom antigens; 

25. insect venom antigens; and 

26 . vibrio cholera 
b) steroid enzymes; 

05 c) interleukins 1 through 7; 

d) tumor necrosis factor a and 0; 

e) interferon a, and 7; and 

f) reporter molecules selected from the group 
consisting of luciferase; 0-galactosidase ; P 

10 glucuronidase and catechol dehydrogenase. 
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